The first aerobic alkaliphilic Gram-staining-positive and endospore-forming bacterium, denominated Bacillus alcalophilus, was isolated by Vedder [1] . Since then, several novel facultative and obligate alkaliphilic Bacillus species with different salt tolerance have been isolated and characterized by polyphasic taxonomic methods [2] [3] [4] [5] [6] . Alkaliphilic and/or halophilic Bacillus strains have been of great importance not only for the development of special adaptation mechanisms but to produce extracellular enzymes stable and active in alkaline and/or saline environments [7] [8] [9] [10] . Athalassohaline soda lakes and soda soils of the Earth's warm semi-arid areas serve as typical habitats for these extremophiles. A phenotypically and phylogenetically non-coherent group of alkaliphilic Bacillus species were described from soda environments in the years of the new millennium. It includes the species of, for example, B. alkalicola [11] , B. alkalinitrilicus [12] , B. alkalisediminis [13] , B. aurantiacus [14] , B. bogoriensis [15] , B. caseinilyticus [16] , B. chagannorensis [17] , B. daliensis [18] , B. lindianensis [19] and B. lonarensis [20] .
In the present study, a Gram-staining-positive, endosporeforming strain, designated B16-24 T and isolated from soda soil, is examined by polyphasic taxonomic methods and described as a novel species of the genus Bacillus.
The sample was collected from the rhizosphere soil of Bolboschoenus maritimus on the shores of the Böddi-sz ek soda pond (N46 46¢, E019 08¢) in the Kiskuns ag National Park, Hungary. The measured physical and chemical parameters of the soda soil at the time of sampling are presented by B ar any et al. [21] . The serially diluted sample was spread on Horikoshi alkaline medium 940 (www.dsmz.de) consisting of 10.0 g D-glucose, 5.0 g peptone, 5.0 g yeast extract, 1.0 g KH 2 PO 4 , 0.2 g MgSO 4 Â7H 2 O, 5.0 g Na 2 CO 3 , 15.0 g agar and 1000.0 ml distilled water. The pH of the medium was adjusted to 9.0. Single colonies developed after 6 days of incubation at 28 C and were isolated in September 2013. DSM medium no. 940 was used to maintain the isolate.
DNA from strain B16-24
T was extracted using the Bacterial Genomic DNA Mini-prep Kit (V-GENE) according to the manufacturer's instructions and 16S rRNA genes were amplified by PCR with the primers 27F (5¢ÀAGA GTT  TGA TCM TGG CTC AGÀ3¢), 519F (5¢ÀCAG CAG CCG  CGG TAA TACÀ3¢) and 1492R (5¢ÀTAC GGY TAC CTT  GTT ACG ACT TÀ3¢) . Purification and sequencing of the PCR product were carried out by LGC Genomics GmbH (Berlin, Germany). The sequence was compared to 16S rRNA gene sequences available in the EzBioCloud database [22] . Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 6.0 [23] . Following multiple alignments of sequences by ClustalW, phylogenetic trees were constructed by neighbour-joining (NJ) [24] , maximum-likelihood (ML) [25] and maximum-parsimony (MP) [26] treeing algorithms. Kimura's two-parameter and general time-reversible models were selected for NJ and ML analyses, respectively. Tree topology was re-examined by the bootstrap method of resampling using 500 bootstraps. The DNA-DNA hybridization and the base composition of genomic DNA were performed following the methods given in Borsodi et al. [13] . T were used as reference strains for comparison of phenotypic properties of strain B16-24
T under the same laboratory conditions. The growth of strain B16-24
T was tested on modified nutrient (DSM medium no. 1) and R2A (DSM medium no. 830) media supplemented with 5 % (w/v) NaCl (the pH was adjusted to 9.0). Colony morphology of a 24-48 h culture was observed on nutrient medium (pH 9.0) supplemented with 5 % (w/v) NaCl using a stereomicroscope. The shape, size and arrangement of the cells were studied in native and Gram-stained preparations [29] . Endospore staining was carried out according to the method of Murray et al. [30] . Motility of 24-hour-old cells
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Bacillus lindianensis was observed by phase-contrast microscopy of hangingdrop preparations. The morphology of sporulated cells developed on nutrient medium (pH 9.0) supplemented with 5 % (w/v) NaCl following 72 h of incubation at 28 C was also studied using electron microscopy as described by Borsodi et al. [31] . Phenotypic tests such as catalase and Kov acs' oxidase activity, Hugh-Leifson's oxidation-fermentation test of D-glucose as well as methyl red and Barritt's Voges-Proskauer tests, nitrate reduction to nitrite or nitrogen, Baird-Parkers' phosphatase activity, production of H 2 S from cysteine and indole from tryptophan, aesculin hydrolysis and Simmons' citrate utilization were performed as described by Barrow and Feltham [32] . Urease activity, hydrolysis of casein, gelatin, starch and Tween 80 were examined according to Smibert and Krieg [33] . Physiological and biochemical tests were performed in media supplemented with 5 % (w/v) NaCl and pH was adjusted to 9.0 where possible. Growth was determined by incubation of strains on Horikoshi alkaline, furthermore on modified nutrient and R2A media both supplemented with 5 % (w/v) NaCl, and when required an anaerobic atmosphere was created by an Anaerocult A Mini (Merck) gas generator system. Utilization of various carbon compounds (1 % w/v) as sole carbon and energy sources was determined in a basal medium containing (NH 4 C, 28 C, 37 C, 40 C and 45 C. The NaCl requirement for growth was studied in nutrient broth (3.0 g beef extract [6] . †Data from Nogi et al. [9] . ‡Data from Borsodi et al. [13] . §Data from Nogi et al. [9] . ) adjusted to pH 9.0 and supplemented with 0-15 % (w/v) NaCl at intervals of 1 % NaCl. The pH range for growth was determined in nutrient broth supplemented with 50 g l À1 NaCl. The pH was adjusted to 4.0-13.0 at intervals of 1.0 pH unit using the following buffer systems: Na 2 HPO 4 /citric acid (at pH 7.0), Tris/ HCl (at pH 8.0-9.0) and Na 2 CO 3 /NaHCO 3 (at pH !10.0). All physiological tests were performed in duplicate at 28 C.
Strain B16-24 T formed circular, entire, smooth and convex colonies of creamish white on the Horikoshi alkaline medium within 24-48 h at [25] [26] [27] [28] C. Straight rod-shaped cells of the strain (Fig. S3a) , occurring singly or in pairs and occasionally in short chains, stained Gram-positive. No motility was observed by phase-contrast microscopy. Cells formed central ellipsoidal endospores in slightly swollen sporangia (Fig. S3b) . The taxonomically relevant dissimilar morphological and physiological characteristics of strain B16-24
T and the type strains of Bacillus okhensis, B. akibai, B. alkalisediminis and B. wakoensis are shown in Table 1 . Most sole carbon source utilization tests of strain B16-24 T were negative except for D-fructose, D-glucose, trehalose, DL-alanine and L-serine as presented in Table S1 .
The cell-wall diamino acid was determined from whole-cell hydrolysates as described by Hasegawa et al. [35] . Isoprenoid quinones were extracted according to the method of Collins et al. [36] and the profile was analysed by HPLC (HP 9001) [37] . After 48 h of cultivation on Horikoshi alkaline medium (DSM medium no. 940) at 30 C, cellular fatty acids were extracted according to Stead et al. [38] and analysed by GC [39] . For polar lipid analysis strain B16-24 T was cultivated in modified nutrient broth (supplemented with 5.0 g l À1 Na 2 CO 3 and the pH was adjusted to 9.0) for 24 h at 28 C. Polar lipids were identified according to the method described by Minnikin et al. [40] .
The cell wall of strain B16-24
T contained meso-DAP in the peptidoglycan, indicating the existence of the peptidoglycan type A1g. The major isoprenoid quinone of strain B16-24 T was MK-7 (90 %) as it is typical of the species Bacillus [41] but in strain B16-24 T a relatively high amount of MK-6 (9 %) was also detected. The fatty acid profile of strain B16-24 T was dominated by anteiso-C 15 : 0 as in the case of most members of the genus Bacillus. On the other hand, characteristic differences could be observed in the amounts of the other detected fatty acids compared to its closest relatives (Table 2 ). Summed feature 3 (comprising C 16 : 1 !7c and/or C 15 : 0 iso 2-OH) proved to be the third most abundant fatty acids, and anteiso-C 17 : 1 was present only in strain B16-24
T . In contrast, C 14 : 0 and C 16 : 1 !11c fatty acids were detected only in its closest relatives. Strain B16-24
T contained phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylserine and eight unknown phospholipids (Fig. S4) . The composition of major polar lipids of strain B16-24 T (PG, DPG and PE) was identical to those found in alkaliphilic Bacillus species described from soda environments [11, 14, [16] [17] [18] [19] [20] but differences were detected in the number of other (e.g. unknown) polar lipids.
Based on the presented genetic and phenotypic distinctiveness, strain B16-24
T represents a novel species within the genus Bacillus for which the name Bacillus kiskunsagensis sp. nov. is proposed. 
DESCRIPTION OF BACILLUS KISKUNSAGENSIS
Conflicts of interest
The authors declare that there are no conflicts of interest.
